chsA and chsC are genes encoding class II and I chitin synthases of Aspergillus nidulans respectively. In a previous study, chsA chsC double mutants showed various growth defects, suggesting that their cell wall architecture was disorganized and their cell wall integrity diminished. Here, we constructed chsA chsC chsD triple mutants and chsA chsC csmA triple mutants to investigate the role of the class IV and class V chitin synthases, ChsD and CsmA respectively, in maintaining the cell wall structure of the chsA chsC double mutant. The former triple mutant grew a little slower than the chsA chsC double mutant, but the two showed similar phenotypes. In contrast, the latter triple mutant exhibited severe growth defects, particularly under low osmotic conditions. The levels of the csmA transcript of the wild-type strain and chsA or chsC single mutants were markedly elevated under low osmotic conditions, while that of the chsA chsC double mutants was high even under such conditions. These and other results suggest that the function of csmA is important for the maintenance of cell wall integrity and the polarized growth of the chsA chsC double mutant.
while the chsA, chsC, and chsD single-deletion mutants showed no obvious defects in the morphogenesis of hyphae and conidia. [1] [2] [3] Since the chsA chsC double mutant showed abnormal colony morphology and had severe defects in asexual and sexual development, Fujiwara et al. suggested that chsA and chsC played some overlapping roles in these processes. 11) Moreover, the chsA chsC double mutant exhibited higher sensitivity to SDS and higher concentrations of salts and chitinbinding dyes than the wild-type strain, and the cell wall of the double mutant occasionally lysed near the hyphal tips. These results suggest that cell wall integrity was disturbed in this mutant. 11) In Saccharomyces cerevisiae, it has been reported that cell wall chitin or chitin synthase activities increased in response to certain forms of cell wall damage. Deletion of FKS1, which encodes a catalytic subunit of -1,3-glucan synthase, reduced -1,3-glucan content and induced chitin accumulation in the cell wall. 12) Deletion of GAS1, which encodes a -1,3-glucosyltransferase, also induced chitin accumulation and upregulated -1,3-glucan synthase activity. 13, 14) Thus, it is possible that cell wall integrity in mutants with weakened cell walls is maintained by activating some component(s) involved in cell wall synthesis. It has been reported that one of the signal transduction pathways, the cell wall integrity pathway (the PKC1-MPK1 pathway), is activated in this process. 15) It is conceivable that a similar mechanism exists in A. nidulans. The chitin content of the chsA chsC double mutant was higher than that of the wildtype strain, suggesting that other chitin synthases are activated in chsA chsC double mutants (unpublished data). 11) chsD is a gene encoding a class IV chitin synthase. Although chsD single mutants showed no obvious defects, 3) Ichinomiya et al. suggested that the functional importance of chsD increased when the expression of chsB was limited. 16) In S. cerevisiae, CHS3, a gene encoding a class IV chitin synthase, is a downstream target of the cell wall integrity pathway. 15) In Neurospora crassa, the class IV chitin synthase, Chs-4, might be involved in supplementing chitin synthesis in response to certain conditions. 5) Thus, it is likely that the class IV chitin synthase of A. nidulans, ChsD, is involved in repairing cell wall defects. Characterization of the phenotypes of the chsA chsD and chsC chsD double mutants suggested that there are no functional relationships between chsC and chsD, while chsA and chsD have some overlapping functions in conidiation.
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y To whom correspondence should be addressed. Tel: +81-3-5841-5170; Fax: +81-3-5841-8015; E-mail: ahhoriu@mail.ecc.u-tokyo.ac.jp CsmA, the class V chitin synthase of A. nidulans, is a protein consisting of an N-terminal myosin motor-like domain and a C-terminal chitin synthase domain. Class V chitin synthases are present only in fungi that can form true hyphae. The deletion mutant of csmA formed swollen hyphae known as ''balloons'', and the subapical regions of the mutant hyphae lysed frequently under low osmotic conditions. These defects were remedied to some extent by osmotic stabilizers. 9) Since the amounts of csmA transcript and CsmA protein increased under low osmotic conditions, it was suggested that the level of csmA transcript is regulated in response to an alteration in external osmolarity, and that the role of CsmA is particularly important under low osmotic conditions. Moreover, a sequence similar to the stress response element (STRE) of S. cerevisiae was found in the promoter region of csmA. Hence, CsmA is likely to be involved in stress responses. 17) In this study, to investigate the function of chsD and csmA in the chsA chsC double mutant, we constructed chsA chsC chsD triple mutants, chsA chsC csmA triple mutants, and the related double mutants, and characterized them.
Materials and Methods
Strains and culture conditions. The A. nidulans strains used in this study are listed in Table 1 . ABPUS14 is an sC mutant isolated from ABPU1 following the procedure described by Buxton et al., 18) except that mutagenesis was omitted. The sC mutation was designated sC114. Strains were grown at 37 C in YGuu medium [0.5% yeast extract (Difco), 1% glucose, 0.1% trace element, 10 mM uridine, and 10 mM uracil] or minimal medium (MM). 19) MM was supplemented with biotin at 0.02 mg/ml, pyridoxine at 0.5 mg/ml, and 10 mM uridine and 10 mM uracil when necessary, and each supplement added was indicated by a single lowercase letter after the medium name. To test the effect of osmolarity, 1/2 YGuu (0.25% yeast extract, 0.5% glucose, 0.1% trace element, 10 mM uridine, and 10 mM uracil) and YGuu plus 1.0 M sorbitol were used. YGuu and MM plates contained 1.5% agar. Congo red was dissolved in sterilized water at a concentration of 10 mg/ml and a portion of the solution was added to autoclaved media at a dilution of 1:1,000. For determination of the growth rate, conidia were point-inoculated on 1.5% agar plates and incubated for 48 h at 37 C, and the colony diameters were measured.
Bacterial and fungal transformations. Transformation of A. nidulans was performed by the method of May et al. 20) Escherichia coli MV1190 was grown in LuriaBertani (LB) medium 21) for plasmid amplification. E. coli transformation and plasmid extraction were performed by standard methods. 21) Plasmid construction. The plasmids used in this study are shown in Table 2 .
pANrÁPG was constructed from pchsA by inserting the 1.4-kb EcoRI-XhoI fragment of pUCPYR1, which contains the pyrG gene of A. nidulans, into the NruI site. pCÁsC was constructed from pchsC by replacing the 3.2-kb NcoI fragment, which includes most of the chsC coding region, with the 3.25-kb PstI-XbaI fragment of pUSC, which contains the sC gene.
Total DNA isolation and Southern analysis. Total DNA was extracted as described previously. 22) For Southern analysis, DNA labeling and detection were carried out with AlkPhos direct nucleic acid labeling and detection system (Amersham Biosciences), and further manipulation was done as described in the manufacturer's instructions.
Total RNA isolation and Northern analysis. Total RNA was isolated using the RNeasy Mini Kit (QIAGEN) according to the manufacturer's instructions. Northern analysis was performed as described previously. 9 ) A 1.4-kb BglII digested fragment of pMK10 was used as a probe for the detection of transcripts of csmA.
Construction of A. nidulans strains by transformation.
We constructed ÁchsA ÁchsC double mutants from ABPUS14. chsC was deleted by transformation using the 5.45-kb BglII-SphI fragment of pCÁsC. Total DNAs prepared from transformants were double-digested with BglII and EcoRI and subjected to Southern analysis probed with the 5.1-kb ApaI-KpnI fragment of pchsC. Two bands of 2.5-and 3.1-kb were detected in ABPUS14 while 1.5-and 3.4-kb bands were detected in some transformant DNAs (data not shown). These transformants were taken as chsC deletion mutants and designated CÁsC-3 and -5. The chsA gene of CÁsC-3 was disrupted using the 7.4-kb XhoI fragment of pANrÁPG. Total DNAs prepared from transformants were digested with SacI and subjected to Southern analysis probed with a 5.9-kb XhoI fragment of pAM. While a 6.7-kb band was detected in ABPUS14, 2.2-kb and 5.1-kb bands were detected in some transformants. They were taken as chsA chsC double mutants, and three of them were designated ÁACa4, 5, and 6. ÁACa4 was also transformed by BglII-digested pSS1, which contains argB of A. nidulans. Total DNAs prepared from transformants were digested with XbaI and subjected to Southern analysis. Two transformants presented 2.5-and 5.4-kb bands and contained one copy of pSS1 integrated in the genomic argB locus. These were designated ÁAC/A-4, and 6 (data not shown).
We generated the control strains as follows: First, ABPUS/sC-2 and -3 were obtained by transforming ABPUS14 with BstPI-digested pUSC, which contains sC of A. nidulans. Integration of pUSC into the genomic sC locus was confirmed by Southern analysis. Second, ABPUS/sC-2 was transformed with StuI-digested pUC-PYR1, which contains pyrG of A. nidulans. Integration of pUCPYR1 into the genomic pyrG locus was confirmed by Southern analysis. We designated the transformants ABPUS/sC/PG-5, -10, and -22. ABPUS/ sC/PG-22 was transformed by pSS1 as described above. Two transformants in which a copy of pSS1 was integrated into the genomic argB locus were designated ///-10 and -14. CÁsC-3 was also transformed using pUCPYR1. The transformant in which a copy of pUCPYR1 was integrated into the genomic pyrG locus was obtained and designated CÁsC/PG-3, -6, and -9. CÁsC/PG-3 was transformed with pSS1. We obtained CÁsC/PG/A-1, -6, and -7, in which a copy of pSS1 was integrated into the genomic argB locus (data not shown).
We constructed chsA mutants from ABPUS/sC-2 as follows: The chsA gene of ABPUS/sC-2 was disrupted by the 7.4-kb XhoI fragment of pANrÁPG as described above. Two transformants in which chsA was disrupted were obtained and designated AÁPG/sC-9 and -10. AÁPG/sC-9 was transformed with BglII-digested pSS1. The transformants in which a copy of pSS1 was integrated in the genomic argB locus were designated AÁPG/sC/A-1, -4, and -10.
chsA chsC chsD triple mutants were made as follows: A chsA chsC double mutant (ÁACa4) was transformed with the 4.0-kb NdeI fragments of pDÁA7. In two transformants, ÁACD-3 and -4, the genomic chsD locus was replaced by argB (data not shown). We also constructed chsD mutants from the wild-type strain (ABPUS/PG/sC-22) using the strategy described above. Two transformants in which their chsD loci were replaced by argB were designated DÁA/sC/PG-5 and -6 (data not shown). The entire coding region of chsD gene is replaced 3 with the argB gene and cloned into pUC119. pMK10
The genomic clone containing the partial coding 4 region of the csmA gene is cloned into pUC119 pM3X2
The genomic clone containing the entire coding 9 region of the csmA gene is cloned into pUC119 pMÁA16
The genomic csmA locus is replaced with the argB 9 gene and cloned into pUC118.
We constructed the csmA mutants, the chsA csmA double mutants, and the chsC csmA double mutants as follows: For the deletion of csmA, the chsA mutant (AÁPG/sC-9) was transformed with the 4.6-kb PshBISphI fragment of pMÁA16. Total DNAs of transformants were digested with DraI and XhoI and analyzed by Southern hybridization using the 5.5-kb XbaI fragment of pM3X2 as a probe. In two transformants, the genomic csmA locus was replaced by argB (data not shown). They were designated ÁAM/sC-1 and -2. The wild-type strain (ABPUS/PG/sC-22) and the chsC mutant (CÁsC/ PG-3) were transformed with the 4.6-kb PshBI-SphI fragment of pMÁA16. We obtained csmA mutants MÁA/sC/PG-1, -2, and -3, and the chsC csmA double mutants ÁCM/PG-1 and -5, in which their genomic csmA loci were replaced by argB (data not shown). Since all strains that had the same genotype exhibited the same phenotypes with respect to growth rate and hyphal morphology, MÁA/sC/PG-1 (ÁM-1), ÁAM/sC-1, and ÁCM/PG-1 were selected for further experiments.
We also constructed chsA chsC csmA triple mutants. The CÁsC-3 strain was transformed with the 4.6-kb PshBI-SphI fragment of pMÁA16. Replacement of csmA with argB was confirmed in transformants named ÁCMu7, ÁCMu8, and ÁCMu9 by Southern analysis. These three transformants showed the same phenotype.
Next, ÁCMu9 was transformed with the 7.4-kb XhoI fragment of pANrÁPG. Homologous recombination at the chsA locus was confirmed in strains named ÁACM-2 and ÁACM-9 by Southern analysis (data not shown). Since these strains showed the same phenotype, we used ÁACM-2 for further experiments.
All marker genes used by transformation were integrated into chromosomes, and they were stably maintained when the transformants were cultured in/on the non-selective media.
Calcofluor white staining. Mycelia on plates were stained with 0.01% Calcofluor white (fluorescent brightener 28, Sigma), and were observed under a fluorescence microscope (BX52, Olympus) equipped with an automatic camera (ORCA-ER, Hamamatsu Photonics).
Results
Effects of chsD deletion on the growth and conidiophore morphology of the chsA chsC double mutants
To investigate the role of chsD in the growth of the chsA chsC double mutants, we constructed two chsA chsC chsD triple mutants, ÁACD-3 and ÁACD-4 (see ''Materials and Methods'') and analyzed the phenotypes of these triple mutants in comparison with that of a chsA chsC double mutant (ÁAC/A-4). We obtained essen- tially the same results for each of these triple mutants, and hence we mainly describe the results for ÁACD-3.
The growth rates of ÁACD-3 and ÁACD-4 on the MMbpuu plate or the MMbpuu plate containing Congo red, a chitin-binding dye, were approximately 80% of that of ÁAC/A-4 ( Table 3 ). The hyphal density of ÁACD-3 was reduced slightly (Fig. 1 and data not shown). The conidiophores of ÁACD-3 had branching chains of elongated metulae and few conidia at the tips of the metulae (Fig. 2) . These structures were similar to those of ÁAC/A-4. Septa were formed at irregular intervals in ÁACD-3 (Fig. 2a,b) . A similar abnormal septum distribution was observed in the chsA chsC double mutants (manuscript submitted). Since the chsD function in the absence of chsB expression has been shown to be important for growth under high osmotic conditions, 16) we examined the growth of ÁACD-3 on the YGuu plus 1.0 M sorbitol plate. The growth rate of ÁACD-3 was approximately 80% of that of ÁAC/A-4 (data not shown). The differences in growth rate and morphogenesis between ÁACD-3 and ÁAC/A-4 on YGuu and YGuu plus 1.0 M sorbitol plates were also small (data not shown). These results suggest that chsD contributes only modestly to the growth and morphogenesis of the chsA chsC double mutant.
Growth of the chsA csmA and chsC csmA double mutants under different osmotic conditions
To investigate the functional relationships among chsA, chsC, and csmA, we constructed two chsA csmA double mutants, ÁAM/sC-1 and ÁAM/sC-2, and two chsC csmA double mutants, ÁCM/PG-1 and ÁCM/PG-5 (see ''Materials and Methods''). Here we describe the results for ÁAM/sC-1 and ÁCM/PG-1, which we refer to as ÁAM-1 and ÁCM-1 respectively. We also used a csmA single-deletion mutant, MÁA/sC/PG-1, which we refer to as ÁM-1.
Previous studies have reported that csmA mutants are sensitive to low osmotic conditions (the YGuu plate and 1/2 YGuu plate), suggesting that the CsmA function is particularly important under low osmotic conditions. 9, 17) Hence we investigated phenotypic differences among ÁM-1, ÁAM-1, and ÁCM-1 grown on the 1/2 YGuu, YGuu, and YGuu plus 1.0 M sorbitol plates (Fig. 3) . The growth rate of ÁCM-1 was almost the same as that of ÁM-1 under these three conditions. ÁAM-1 grew more slowly than ÁM-1 or ÁCM-1 on the YGuu and 1/2 YGuu plates, while it grew at a rate similar to those of ÁM-1 and ÁCM-1 on the YGuu plus 1.0 M sorbitol plate. Thus there are some overlapping functions between chsA and csmA under the low osmotic conditions. Colonies of ÁAM-1 had a less brownish appearance than those of ÁM-1 or ÁCM-1, indicating that there are some differences in pigmentation between ÁAM-1 and the other two mutants.
Cell wall defects in the chsA csmA double mutants were more severe than those in the chsC csmA double mutants
On the 1/2 YGuu plates, hyphal cell lysis at the subapical region was observed in ÁM-1, ÁAM-1, and ÁCM-1 (Fig. 4e, h, and k) , but not in the wild-type strain (WT), chsA mutant (ÁA), or chsC mutant (ÁC) (Fig. 4b, and data not shown) . The frequency of lysis in ÁAM-1 was higher than that in ÁM-1 or ÁCM-1. No cell wall lysis was detected in these three mutants, which carried the ÁcsmA mutation when grown on the YGuu plus 1.0 M sorbitol plate (Fig. 4d, g, and j) . These results suggest that the cell wall of ÁAM-1 was severely disorganized. The depolarized swollen tubes, balloons, and intrahyphal hyphae that were observed in csmA deletion mutants 9) were also observed at similar frequencies in ÁAM-1, ÁCM-1, and ÁM-1 (Fig. 4f, i , and l, and data not shown). From these results, we suggest that the function of chsA partially overlaps with that of csmA in maintaining cell wall integrity.
The chsA chsC csmA triple mutants showed severe growth defects and abnormal hyphal morphology under low osmotic conditions
To investigate the role of csmA in the growth of the chsA chsC double mutant, we constructed two chsA chsC csmA triple mutants (ÁACM-1 and ÁACM-2). Since these showed the same phenotype, here we describe the results only for ÁACM-2. The growth rate of ÁACM-2 was extremely slow on the YGuu and 1/2 YGuu plates (Fig. 3) . ÁACM-2 scarcely formed colonies after 60 h of incubation at 37 C. Although the growth of ÁACM-2 improved to some extent on the YGuu plus 1.0 M sorbitol plate, its growth rate was much slower and the hyphal density was much lower than those of ÁAC/A-4 and the other single or double mutants (Fig. 3) . Curiously, the cell wall lysis that was observed in other mutants with ÁcsmA mutation was suppressed in ÁACM-2 on the YGuu plate (Fig. 4q-s) . The hyphae of this mutant were highly branched, and hyphae with many small projections were observed occasionally (Fig. 4s) . These abnormal morphologies were suppressed to some extent on the YGuu plus 1.0 M sorbitol plate (Fig. 4p) . Calcofluor white staining showed that chitin was deposited in spots at the cell surface of the hyphae of the triple mutant when grown on the YGuu plate (Fig. 5 ). This kind of abnormal chitin deposition was also observed occasionally in the hyphae of ÁAM-1 (Fig. 5) . The septa were unevenly distributed, like those of the chsA chsC mutant (data not shown). These results indicate that csmA is crucial for polarized growth in the chsA chsC mutant, particularly under low osmotic conditions.
The transcriptional level of csmA in the chsA chsC double mutant under two different osmotic conditions
Since ÁACM-2 showed severe growth defects, as described above, it is possible that the importance of csmA increased in the chsA chsC double mutant. Takeshita et al. 17) indicated that csmA transcript levels were regulated in response to an alteration in external osmolarity, and that the amount of csmA mRNA increased under the low osmotic condition. We analyzed the level of csmA transcript in the chsA chsC double mutant by Northern analysis (Fig. 6) . The amounts of csmA mRNA were similar in all four strains [ÁAC/A-4 (ÁchsA ÁchsC), AÁPG/sC/A-1 (ÁchsA), CÁsC/PG/ A-1 (ÁchsC), and ///-10 (wild type)] grown on the YGuu plates (Fig. 6, lanes 1-4) , while that in the chsA chsC double mutant was significantly higher than those in the other three strains when the strains were grown on the YGuu plus 1.0 M sorbitol plate (Fig. 6, lane 5 vs. lanes  6-8) . These results indicate that the expression of csmA was induced in the chsA chsC double mutant even under high osmotic conditions.
Discussion
In this study, we characterized the chsA chsC chsD triple mutants and found that the contribution of chsD to the growth of the chsA chsC double mutant was not very large. We also found that there is some genetic interaction between chsA and csmA in maintaining cell wall integrity and polarized growth. Moreover, based on the results of our characterization of the chsA chsC csmA triple mutants, we suggest that csmA plays important roles in the growth of the chsA chsC double mutant.
CHS3, which encodes the only class IV chitin synthase in S. cerevisiae, synthesizes approximately 90% of the cell wall chitin. Rlm1p is a transcription factor that functions in the cell wall integrity pathway. The promoter region of CHS3 contains Rlm1p binding sites. 23) Recently, it was reported that Chs3p moved from chitosomes to the plasma membrane under conditions of cell stress and that this movement required the activators of the cell wall integrity pathway. 24) Therefore, class IV chitin synthase is thought to play a major role in maintaining cell wall integrity in S. cerevisiae. Ichinomiya et al. 16) indicated that the importance of the chsD function increased under high osmotic conditions when the expression of chsB was repressed. Furthermore, the chsD function was required for efficient conidiation in the chsA mutant.
3) These results suggest that the chsD functions were important under some conditions. In this study, we found that the chsD functions were not crucial for the growth of the chsA chsC double mutant. Since chsD is the only gene encoding class IV chitin synthase in the genome of A. nidulans, the results obtained here suggest that the class IV chitin synthase is not always a major constituent in cell wall repair processes, and that the functions of class IV chitin synthases as a cell wall repairing enzyme are not conserved, at least between yeast and filamentous fungi.
Ichinomiya et al. 10) reported that the chsA chsB double mutant produced a smaller amount of aerial hyphae than the chsB single mutant. This result suggests that chsA functions in the formation of aerial hyphae. Previous studies suggested that chsA functions in conidiation. 3, 25) Fujiwara et al. 11) showed that chsA and chsC are functionally overlapping in sexual and asexual developmental processes. In this study, the chsA csmA double mutant (ÁAM-1) showed more severe growth defects than the csmA single mutant (ÁM-1) under low osmotic conditions, indicating that the cell wall architecture of ÁAM-1 was more disorganized than that of ÁM-1. This result suggests that chsA and csmA are somehow functionally overlapping in the maintenance of hyphal cell wall integrity. Taken together, these results indicate that chsA has functional relationships to all chitin synthases isolated so far (chsB, chsC, chsD, and csmA). The colonies of the chsB chsC double mutant exhibited lower hyphal density and smaller cell mass than those of the chsB or chsC single mutant. 10) These results suggest that chsC is involved in hyphal morphogenesis when the expression of chsB is repressed. The chsC chsD double mutant showed no phenotypic defects compared to the wild-type strain. 3) In this study, the Strains were grown for 60 h at 37 C on the YGuu plate and stained with calcofluor white. Bar, 10 mm. Abbreviations are as follows: WT, the wild-type strain (///-10); ÁA, AÁPG/sC/A-1; ÁC, the chsC mutant (CÁsC/PG/A-1); ÁM, the csmA mutant (MÁA/sC/PG-1); ÁAM, the chsA csmA double mutant (ÁAM/sC-1); ÁCM, the chsC csmA double mutant (ÁCM/PG-1); ÁAC, the chsA chsC double mutant (ÁAC/A-4); and ÁACM, the chsA chsC csmA triple mutant (ÁACM-2).
phenotypes of ÁCM-1 and ÁM-1 were almost the same. Thus it is suggested that there are some functional relationships between chsC and chsB, but no or only slight functional relationships between chsC and either chsD or csmA. It is also possible that the functions of csmA are prerequisite for those of chsC.
ÁACM-2 exhibited severe growth defects under the low osmotic condition, suggesting that csmA plays crucial roles in the growth of the chsA chsC double mutant under this condition. Almost no hyphal lysis was observed in ÁACM-2 on the 1/2 YGuu plate and the YGuu plate. To test the possibility that the slow growth of ÁACM-2 could suppress hyphal lysis, ÁM-1, ÁAM-1, ÁCM-1, and ÁACM-2 were grown on a 1/2 YSuu plate, which was identical to the 1/2 YGuu plate except that 0.5% sorbose was used as the carbon source rather than 0.5% glucose. The growth rates of ÁM-1, ÁAM-1, and ÁCM-1 on the 1/2 YSuu plate were reduced, and were similar to that of ÁACM-2. The frequencies of the hyphal lysis of these mutants were remarkably reduced under this condition (data not shown). Thus it is possible that cell wall lysis was not observed in ÁACM-2 due to its extremely slow growth. The csmA transcript level in the chsA chsC double mutant was higher than those in the wild-type strain and the chsA or chsC single mutant under the high osmotic condition, while it was similar to those in the other three strains grown under the low osmotic condition. Deletion of csmA in the chsA chsC double mutant reduced the growth rate and induced hyphal branching under the high osmotic condition. These results indicate that the csmA function is also important for the growth of the chsA chsC mutant under the high osmotic condition. The higher amount of csmA transcript in the chsA chsC mutant under the high osmotic condition suggests that CsmA may play some role in cell wall repair, and that expression of csmA is induced irrespective of osmotic pressure when the cell wall is severely damaged. Since there are two STRE-like elements in the promoter region of csmA, 17) these elements might be involved in the upregulation of csmA. Recently, it was reported that the expression of WdCHS5 that encoded a class V chitin synthase of Wangiella dermatitidis was induced in response to stress conditions. 26) Thus, class V chitin synthases play some role in cell wall repair in the fungi that can form true hyphae.
It is possible that the induction of csmA transcription reaches a maximum on the 1/2 YG plate even in the wild-type strain, but it is known that the functions of Chs3p of S. cerevisiae are regulated mainly at the posttranscriptional level. 24) Thus the function of CsmA may also be regulated at the post-translational level. To investigate this possibility, it will be necessary to detect the CsmA level and its localization under these conditions. These investigations are currently underway in our laboratory. Total RNA was prepared from the mycelia of the wild-type strain (///-10, lanes 4 and 8), the chsA mutant (AÁPG/sC/A-1, lanes 3 and 7), the chsC mutant (CÁsC/PG/A-1, lanes 2 and 6), and the chsA chsC double mutant (ÁAC/A-4, lanes 1 and 5), which were grown in liquid YGuu plus 0.5 M sorbitol medium for 20 h at 37 C and shifted on the YGuu plate (lanes 1-4) or YGuu plus 1.0 M sorbitol plate (lanes 5-8) and incubated for 24 h at 37 C.
